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Abstract
An Australian family was identiﬁed through a Public Health fol-
low up on a Shiga-toxigenic Escherichia coli (STEC) positive
bloody diarrhoea case, with three of the four family members
experiencing either symptomatic or asymptomatic STEC shed-
ding. Bacterial isolates were submitted to stx sequence sub-typ-
ing, multi-locus variable number tandem repeat analysis (MLVA),
multi-locus sequence typing (MLST) and binary typing. The analy-
sis revealed that there were multiple strains of STEC being shed
by the family members, with similar virulence gene proﬁles and
the same serogroup but differing in their MLVA and MLST pro-
ﬁles. This study illustrates the potentially complicated nature of
non-O157 STEC infections and the importance of molecular epi-
demiology in understanding disease clusters.
Keywords: Escherichia coli, household transmission, mixed infec-
tion, shedding, Shiga-toxigenic E. coli
Original Submission: 28 November 2011; Revised Submission:
16 January 2012; Accepted: 24 January 2012
Editor: P. Tassios
Article published online: 1 February 2012
Clin Microbiol Infect 2012; 18: E140–E143
10.1111/j.1469-0691.2012.03790.x
Corresponding author: A. V. Jennison, Public Health Microbiology,
Communicable Disease, PO Box 594, Queensland Health Forensic
and Scientiﬁc Services, Brisbane, Qld 4108, Australia.
E-mail: amy_jennison@health.qld.gov.au
Shiga-toxigenic Escherichia coli (STEC) can cause a broad
spectrum of clinical symptoms in humans, extending from
haemolytic uraemic syndrome through to mild non-bloody
diarrhoea or even asymptomatic carriage. Transmission of
STEC in humans is commonly associated with consumption
of contaminated food or water, or contact with positive ani-
mal faeces. Person-to-person transmission can occur among
household members and in childcare and residential care
facilities [1–3]. STEC can be shed for prolonged periods
from both previously symptomatic and asymptomatic individ-
uals, presenting a transmission risk long after the disease
symptoms have resolved [4,5].
Cases of STEC infection containing multiple STEC sero-
types or numerous E. coli types have been reported previ-
ously [5,6]. This study describes a household cluster of
STEC cases with symptomatic and asymptomatic shedding of
multiple STEC strains and an enteropathogenic E. coli strain.
Faeces from an adult male reporting bloody diarrhoea was
cultured on MacConkey agar after a broth enrichment step.
A sweep of the plate was screened with a multiplex PCR
targeting stx1, stx2, ehxA, eaeA and saa. Individual colonies
were tested using the same PCR, identifying a rough strain
with the gene proﬁle stx1, stx2 and ehxA [7].
The man, herein referred to as the father, had mentioned
recently consuming raw beef in his Public Health review; no
other signiﬁcant risk factors were identiﬁed. As part of the
Public Health Investigation, the other household mem-
bers—his wife (the mother) and two sons, all of whom
reported as asymptomatic, provided faeces samples for
screening. The mother and youngest son also had stx1+,
stx2+ and ehxA+ strains isolated from their faeces. The eldest
son did not have any STEC-positive faeces throughout this
investigation.
Queensland Health Guidelines require individuals with
positive STEC isolation to be excluded from duties involving
childcare or food preparation. The mother’s occupation was
a food handler, so her positive STEC isolation, despite her
asymptomatic state, required her to be excluded from any
duties that involved food preparation. The son who was
positive for STEC was of school age and did not attend
childcare so exclusion was not necessary. The father’s symp-
toms resolved in the time between his ﬁrst and second sam-
pling dates; however, the family continued to provide stool
samples to monitor STEC shedding. The mother was
required to achieve clearance, deﬁned as two negative stool
samples 48 h apart, before she could return to normal duties
at her job.
Table 1 outlines a selection of the faeces samples
screened for STEC target genes over a period of 4 months.
Two different gene proﬁles were identiﬁed in isolates from
the father, eaeA+ or stx1+, stx2+ and ehxA+, whereas only the
latter gene proﬁle was detected in isolates from the mother
and the younger son. All serogrouped isolates containing the
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gene proﬁle of stx1, stx2 and ehxA were determined to be
rough, O128:H- or O128:H2, whereas the eaeA+ isolate was
identiﬁed as O106:H34. O128 with this gene proﬁle is not
considered to be a seropathotype associated with severe dis-
ease; likewise eae-negative strains are typically less likely to
be implicated in serious clinical complications [8].
Multi-locus variable number tandem repeat analysis
(MLVA) proﬁles were produced for strains isolated from
each of the positive family members, as previously described
[9]. Of the father’s O128 isolates, there were two different
MLVA numbers, of which one was a different MLVA proﬁle
to the isolates from the mother and the youngest son,
despite the identical gene proﬁles and serogroup (Table 1).
The isolates were further characterized by multi-locus
sequence typing (MLST), where the father’s O128 isolates,
with the unique MLVA number, were identiﬁed as ST522, a
novel sequence type, and the other stx isolates from the
father and the mother and youngest son were ST130 [10].
ST130 and ST522 differ at ﬁve of the eight loci, indicating
that the strains are unlikely have recently diverged. The
eaeA+ isolate from the father was determined to be ST521,
also a novel sequence type.
The stx genes from positive isolates were submitted to stx
subtyping by PCR [11,12]. All stx2+ isolates from the three
family members were stx2b. This subtype is considered to
be a less potent toxin type and is rarely linked to haemolytic
uraemic syndrome [13]. The stx1+ isolates with the same
MLVA/MLST numbers from the father, mother and youngest
son were stx1c subtype, whereas the unique isolates from
the father were the stx1a subtype. Stx1c containing STEC
have been reported to be more likely to be shed asymptom-
atically and can be associated with eaeA– strains [14,15].
The stx1/2+ strains and the eae+ isolate were examined by
a PCR binary typing system (P-BIT) (Fig. 1) [16]. Three dif-
ferent P-BIT proﬁles were produced. The eae+ isolate also
ampliﬁed eaf and bfp gene products, a gene proﬁle indicative
of a typical enteropathogenic E. coli [17,18].
The mother achieved clearance by testing negative for
STEC in her faeces by both PCR and ELISA (Premier EHEC,
Meridian, Diagnostics Inc., Cincinnati, OH, USA) 4 weeks
after she was ﬁrst found to be carrying stx+ E. coli, allowing
her to return to work as a food handler. The father and youn-
gest son continued to test positive for STEC, both receiving
clearance 4 months after their ﬁrst positive faeces sample was
collected. Although prolonged asymptomatic carriage has
been best characterized in children, it has also been noted in
adults; a German study identiﬁed healthy adults shedding non-
O157 STEC strains for more than 10 months [19].
TABLE 1. Serogrouping, initial virulence genes detected and molecular typing results for Shiga-toxigenic Escherichia coli
(STEC) isolates from symptomatic and asymptomatic family members
Strain Patient Day collecteda Serogroup Genes present Stx subtype MLVA proﬁle MLST
SS11M1352 Fatherb 0 Rough stx1, stx2, ehxA Stx1a, Stx2b 7-3-0-8-0-5-1 ST522
SS11M1547 Mother 11 O128:H- stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
SS11M1633 Father 14 Rough stx1, stx2, ehxA Stx1a, Stx2b 7-3-0-8-0-5-1 ST522
SS11M1800 Youngest son 19 O128:H2 stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
SS11M1907 Mother 28 ND stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
SS11M2282 Mother 39 ND stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
SS11M2642 Youngest son 56 ND stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
SS11M3037 Father 70 O106:H34 eaeA ND 4-0-0-13-3-3-1 ST521
SS11M3038 Father 72 O128:H2 stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
SS11M3465 Father 91 O128:H- stx1, stx2, ehxA Stx1a, Stx2b 7-3-0-8-0-5-1 ST522
SS11M3601 Youngest son 99 O128 stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
SS11M3961 Youngest son 119 O128 stx1, stx2, ehxA Stx1c, Stx2b 6-3-0-8-3-8-1 ST130
aDays counted from the day the ﬁrst positive STEC stool sample was collected from the symptomatic father.
bSymptomatic when faeces sample was collected.
MLST, multi-locus sequence typing; MLVA, multi-locus variable number tandem repeat analysis; ND, not done.
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FIG. 1. Cluster dendrogram showing the
three binary gene proﬁles detected for the
Shiga-toxigenic Escherichia coli strains isolated
from family members and outlined in Table 1.
Dendrogram was produced using simple
matching coefﬁcient and Ward’s clustering in
BIONUMERICS v6.5 (Applied Maths, Sint-Martens-
Latem, Belgium).
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This report highlights the usefulness of performing molec-
ular epidemiological analysis on isolates belonging to house-
hold clusters. In this study, it was determined that the
symptomatic family member was carrying multiple STEC
strains, including a unique strain that, although having the
same serotype and gene proﬁle as the asymptomatic family
members’ strains, had a different MLVA proﬁle, MLST num-
ber and stx1 subtype. It is likely that the shedding of multiple
strains would have gone undetected without the use of
molecular typing. It is unknown which of the two strains was
responsible for causing the pathogenesis in the symptomatic
family member because both carried the necessary virulence
genes to cause symptoms.
It is known that STEC strains can undergo variation in vir-
ulence gene proﬁles over the course of a human infection
and that the genes for Shiga toxin and other virulence fac-
tors can be shared between E. coli strains [20]. Hence, it is
possible that transfer of mobile genetic elements between
bacterial strains in the family members has resulted in two
strains with the same serotype and stx1+, stx2+ and ehxA+
gene proﬁle but with different evolutionary histories accord-
ing to the MLVA and MLST types.
In conclusion, this case indicates how a seemingly simple
family cluster of STEC infection and carriage can reveal mul-
tiple E. coli strains with pathogenic potential, raising questions
over which strain is responsible for the disease reported.
This report illustrates the importance of molecular epidemi-
ological typing of non-O157 STEC clusters in enhancing
understanding into infections, asymptomatic carriage and
shedding of these strains.
Acknowledgements
We would like to thank the Microbiology Diagnostic Unit,
Victoria, Australia for the serogrouping work, the Molecular
Research and Development section, Queensland Health
Forensic and Scientiﬁc Services for their initial introduction
of the stx multiplex PCR into the laboratory and the Central
Queensland Public Health Unit for their efforts in procuring
samples. We thank platform Genotyping of Pathogens and
Public Health (Institut Pasteur) for coding MLST alleles and
proﬁles.
Transparency Declaration
The authors declare that they have no conﬂict of interest
and all data were generated as part of routine activities in
the absence of speciﬁc funding.
References
1. Belongia EA, Osterholm MT, Soler JT, Ammend DA, Braun JE,
MacDonald KL. Transmission of Escherichia coli O157:H7 infection in
Minnesota child day-care facilities. JAMA 1993; 269: 883–888.
2. Carter AO, Borczyk AA, Carlson JA et al. A severe outbreak of
Escherichia coli O157:H7-associated hemorrhagic colitis in a nursing
home. N Engl J Med 1987; 317: 1496–1500.
3. Parry SM, Salmon RL. Sporadic STEC O157 infection: secondary
household transmission in Wales. Emerg Infect Dis 1998; 4: 657–661.
4. Kuusi M, Eklund M, Siitonen A, Virkki M, Hakkinen P, Makela R. Pro-
longed shedding of shiga toxin-producing Escherichia coli. Pediatr Infect
Dis J 2007; 26: 279.
5. Wahl E, Vold L, Lindstedt BA, Bruheim T, Afset JE. Investigation of
an Escherichia coli O145 outbreak in a child day-care centre – exten-
sive sampling and characterization of eae- and stx1-positive E. coli
yields epidemiological and socioeconomic insight. BMC Infect Dis
2011; 11: 238.
6. Gilmour MW, Chui L, Chiu T et al. Isolation and detection of Shiga
toxin-producing Escherichia coli in clinical stool samples using conven-
tional and molecular methods. J Med Microbiol 2009; 58 (Pt 7): 905–
911.
7. Paton AW, Paton JC. Direct detection and characterization of Shiga
toxigenic Escherichia coli by multiplex PCR for stx1, stx2, eae, ehxA,
and saa. J Clin Microbiol 2002; 40: 271–274.
8. Boerlin P, McEwen SA, Boerlin-Petzold F, Wilson JB, Johnson RP,
Gyles CL. Associations between virulence factors of Shiga toxin-pro-
ducing Escherichia coli and disease in humans. J Clin Microbiol 1999; 37:
497–503.
9. Lindstedt BA, Brandal LT, Aas L, Vardund T, Kapperud G. Study of
polymorphic variable-number of tandem repeats loci in the ECOR
collection and in a set of pathogenic Escherichia coli and Shigella
isolates for use in a genotyping assay. J Microbiol Methods 2007; 69:
197–205.
10. Jaureguy F, Landraud L, Passet V et al. Phylogenetic and genomic
diversity of human bacteremic Escherichia coli strains. BMC Genomics
2008; 9: 560.
11. Beutin L, Miko A, Krause G et al. Identiﬁcation of human-pathogenic
strains of Shiga toxin-producing Escherichia coli from food by a
combination of serotyping and molecular typing of Shiga toxin genes.
Appl Environ Microbiol 2007; 73: 4769–4775.
12. Persson S, Olsen KE, Ethelberg S, Scheutz F. Subtyping method
for Escherichia coli shiga toxin (verocytotoxin) 2 variants and
correlations to clinical manifestations. J Clin Microbiol 2007; 45:
2020–2024.
13. Fuller CA, Pellino CA, Flagler MJ, Strasser JE, Weiss AA. Shiga toxin
subtypes display dramatic differences in potency. Infect Immun 2011;
79: 1329–1337.
14. Friedrich AW, Borell J, Bielaszewska M, Fruth A, Tschape H, Karch
H. Shiga toxin 1c-producing Escherichia coli strains: phenotypic and
genetic characterization and association with human disease. J Clin
Microbiol 2003; 41: 2448–2453.
15. Kuczius T, Bielaszewska M, Friedrich AW, Zhang W. A rapid method
for the discrimination of genes encoding classical Shiga toxin (Stx) 1
and its variants, Stx1c and Stx1d, in Escherichia coli. Mol Nutr Food Res
2004; 48: 515–521.
16. Brandt SM, King N, Cornelius AJ, Premaratne A, Besser TE, On SL.
Molecular risk assessment and epidemiological typing of Shiga toxin-
producing Escherichia coli by using a novel PCR binary typing system.
Appl Environ Microbiol 2011; 77: 2458–2470.
17. Donnenberg MS, Giron JA, Nataro JP, Kaper JB. A plasmid-encoded
type IV ﬁmbrial gene of enteropathogenic Escherichia coli associated
with localized adherence. Mol Microbiol 1992; 6: 3427–3437.
E142 Clinical Microbiology and Infection, Volume 18 Number 5, May 2012 CMI
ª2012 QUEENSLAND HEALTH
Clinical Microbiology and Infection ª2012 European Society of Clinical Microbiology and Infectious Diseases, CMI, 18, E140–E143
18. Franke J, Franke S, Schmidt H et al. Nucleotide sequence analysis of
enteropathogenic Escherichia coli (EPEC) adherence factor probe and
development of PCR for rapid detection of EPEC harboring virulence
plasmids. J Clin Microbiol 1994; 32: 2460–2463.
19. Gareis M, Pichner R, Brey N, Steinrueck H. Shedding of verotoxigen-
ic E. coli by healthy staff of a food producing company. Bundes-
gesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2000; 43: 781–
787.
20. Mellmann A, Bielaszewska M, Karch H. Intrahost genome alterations
in enterohemorrhagic Escherichia coli. Gastroenterology 2009; 136:
1925–1938.
CMI Research Note E143
ª2012 QUEENSLAND HEALTH
Clinical Microbiology and Infection ª2012 European Society of Clinical Microbiology and Infectious Diseases, CMI, 18, E140–E143
